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PREFACE
Ho reports on the effect of diseases of the lo\?er
motor neurone on the accommodation in peripheral nerve
could be found in the literature. Hence it was thought
worthwhile to study this aspect in human subjects, which
is the theme of the present thesis. The work embodied
in this thesis was carried out in the Department of
Neurology, University of Edinburgh from 1st October
1962 to 50th September 1964, under the supervision
of Dr. J.A. Simpson and with a grant from the Scottish
Hospital Endowments Research Trust, which is gratefully
acknowledged.
The author regrets that a larger number of subjects
could not be included, in the present study, but one
must accept the limitations Inherent in using human
subjects, especially the sick, as material for research.
Availability of patients with particular disease states
varies from time to time. The patients' fitness to
undergo the study and their readiness to submit them¬
selves to this examination have also to bo considered.
The examination was carried out with the consent
of the person concerned, after It had been explained
that this particular examination was entirely a
research procedure and in the present state of our
knowledge was unlikely to help In the diagnosis or
treatment of hi© or her disease.
'True science suppresses nothing, hut goes on
searching and is undisturbed in looking straight





Definition of the term accommodation
An electric current which rises to its full value
instantly is a more effective stimulus and excites a
nerve fibre at a lower strength than one which rises
slowly. Nernst (1908) mamed this ability of a nerve
fibre to set up a resistance against a slowly rising
current as 'accommodation'. Such a property of accom¬
modation has been observed in other tissues like muscles
and nerve cells also. In this thesis, the term will
be used to refer to this property in peripheral nerves
unless otherwise specified.
Evolution of the present knowledge on accommodation
. In the course of his pioneering work on the electro-
physiology of nerves, du Bois Reymond (1662) attempted
unsuccessfully to study the effect of a slowly rising
current on the nerve fibre. In 1877, v. Flelschl
reported that a current causing excitation of a nerve
fibre when rising instantly was ineffective if reached
slowly. In 1884, von K'ries reported that the current
had to be stronger to become en effective stimulus if
the rate of its rise was diminished. He obtained an
'excitation quotient' by dividing the threshold voltage
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of a linearly rising current by that of an instantly
rising current. He also published curves relating
effective strengths to rising times of stimulating
currents. However, he failed to obtain consistent
results with his method. Lucas (1907) postulated that
the stimulating current must have a minimal rising
gradient to excite a toad or frog nerve; one having
a lower gradient would be unable to excite,
Fabre(1927, 1928) studied the relationship between
the threshold current strength necessary to stimulate a
nerve fibre and the time taken to reach the threshold.
Tic used the term ' const ante lineaire1 to denote the
0
reciprocal of the minimal current gradient necessary for
stimulation of a nerve fibre. Schrlever (1930, 1932)
coined the word 'Einschleichzeit' (Elnschleichen - to
creep; seit - time) to indicate the time constant of
accommodation. He determined the time constant of rise
for an exponential current which just excited a nerve
i
at twice the rheobase; the utilisation time or 'haib-
zeit' ( 0,6S3a where a is the time constant of current
rise) for this current was 'Einschleichzeit'. Lapique
(1937) studied the effect ef an exponentially rising
current of rheobasic strength the rise time of such a
current which was just unable to excite, was termed by
him as the 'seuil d© climalyse*. He proposed its use
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for the quantitative expression of accommodation,
Rashevsky (1934) in a mathematical approach to the
problem of nerve stimulation commented that a slowly
rising or falling current can not excite a nerve within
certain limits of strength, Monnier (1934) mentioned
a time constant Tj. in his mathematical study of nerve
excitation. This is similar to the time constant of
accommodation. Hill (1936) used the term yA.
for the quantitative expression of the time constant
of accommodation.
Parrsck (194C) on the other hand, working with
frog norves, concluded that a nerve shows accommod¬
ation only when its circulation is interfered with and
that accommodation is not a feature of a nerve with
intact circulation, I could not" find any other work
confirming this conclusion excepting that of Schoepfle
(1943) v Schoepfle obtained absence of accommodation
in some of the fibres of frog toe nerve, but accommod¬
ation was detectable in some of the other fibres of
the same nerve. In addition, for all the fibres he
found that stimulation failed to occur below a minimal
gradient of current,
Sato (1951-52.) detected a smaller accommodation
in single fibres of toad nerve thftn in the whole nerve.
He explained that the difference was due to the
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distortion of the applied current by the conductivity
of the connective tissue covering of the whole nerve,
Solandt (1936), however, failed to observe alteration
of accomodation after desheathing.
It is also worth mentioning that a difference
exists between the capacity of accommodation of sensory
nerve fibres end that of motor fibres. Sensory fibres
have been observed to have a lower accommodation than
motor ones; the breakdown of accommodation also occurs
earlier in the former (Skoglund, 1942; Kugelberg, 1944),
Alteration of accommodation in animals
Lucas (1908) showed that the accommodation of
muscle was impaired if the bathing fluid lacked calcliim
and that this impairment could be corrected by adding
calcium chloride, Kahn (1911) confirmed this delet-
erioiis effect of calcium lack on muscle accommodation,
Solandt (1936) observed a similar effect of calcium on
nerve accommodation. He, in the same study, also
noted that alkalinity of the bathing fluid impaired
and acidity increased the capacity of accommodation
in the nerves, Liesse (1938a, b) reported an increased
accommodation in isehaemic nerves. Cold, drying or
mechanical injury to the nerve was shorn to produce
the opposite effect (Schriever and Cebulla, 1938).
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Flattening of the accommodation curve was noted by
L. ft M. Lap1que (1957) and by F. ft M. Benolt (19S7)
In states of cold and decalcification. Tasaki (1949)
observed deterioration of accommodation with lowering
of temperature. Alteration of accommodation by some
narcotics has been reported (Kahlson and v. Werz, 1936;
Schriever and Erhardt, 1939). Excess of other ions
like magnesium, potassium and strontium was found to
Increase the degree of accommodation (Solandt, 1936).
Sato et al (1950-51) reported reduction of accommodation
in single nerve fibres by the actions of veratrine,
quinidine and aconitine. Hypertonic saline (Sato,
1950-51 a) and tetraethyl ammonium iodide (Cowan and
"alter, 1937-38) were observed to have a similar effect.
Physiological basis of accommodation
Hill (1936) postulated that the excitation of a
nerve .fibre occurs when the local potential V0 equals
threshold value TJ0 . During stimulation V0 is
assumed to rise at a rate proportional to I0 , the
applied current. If, ho\?ever, a slowly rising current
is applied, the threshold at the cathode rises due to
the action of the subthreshold current at the initial
part of the rising current and reaches a now higher
value TJ. As a result, to produce an excitation, the
Milliseconds
(a) current — 1, (b) current = 1 08, (c) current = I -2, (d) current =2-0
Rise of " local potential " V and of " threshold " U, at the cathode, for con¬
stant current suddenly applied. Calculated for frog's nerve at 4° C, ordinary
" accommodation," k = 1, X = 50 m sec: various currents, as shown. Current
1 would be " rheobase " apart from accommodation. The actual rheobase is
1 08, and its " utilization time " is shown by an arrow.
FIG. 1
FIGURE 1
The outline of Hlli,s hypothesis on the physiol¬
ogical basis of accommodation in a nerve is shown
fliagratt*&iUcally (Reproduced from Hill (1936)).
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slowly rising current has to be stronger to raise the
local potential to correspond, to the raised threshold.
When the slowly rising stimulus is withdrawn, the thres¬
hold reverts to normal over an exponential time constant.
He named this time constant of rex^ersion to normality as
A and considered it as the time constant of accommodation
(vide fig. 1). His theory can be expressed mathematic¬
ally in a simplified form a3 -jp"" (dU being the rate of
change of local threshold). Rashovsky (1936) in his
theory of nerve excitation, conceived a rapid excitat¬
ory process and a slow inhibitory process expressed as
e and i respectively. Each varies with the current accor¬
ding to the eqiiations ^ =Jcfand = - bxO'-'O
K, k, M, m are constant and e0 and i0 are the initial
values of e and i and I the current. Excitation occurs,
according to him, when e/i reaches a critical threshold
value. Katz (1939) de.scvibe.ct accommodation a§ the effect
of a process which, under the influence of a constant
stimulus, tends to re-establish the normal unstimulated
condition in the nerve. Lorrente de No (1947) holds a
somewhat similar view. According to him, accommodation
is due to the tendency of the nerve to re-establish
equilibrium against the applied current. This reaction
of the nerve removes a fraction of the stimulus from a
slowly rising current, as the initial part of this current
FIG.2
FIGURE 2
Shows diagrammkiically the linking of sodium perme¬
ability and membrane potential as suggested by Hodgkin
(Reproduced from Hodgkin (1964)).
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is subthreshold. Consequently a current rising slowly
needs an Increased strength to stimulate. Hodgkin (1964)
is of the opinion that not enough work has yet been done
to explain the mechanism fully. Ho has, ho?/ever, put
forward a possible hypothesis as the basis of accommod¬
ation. He suggests that, when a nerve membrane is
depolarised, its permeability to sodium increases. The
sodium permeability and the membrane potential are,
according to his theory, linked 'regeneratively' in the
manner shown in fig, 2. Due to this linkage, sodium
ions enter the fibre at an increased rate when the
membrane has been depolarised beyond a certain critical
point. This rapid entry of sodium moves the membrane
potential rapidly towards the equilibrium potential
of the sodium ion. The threshold for the production
of an action potential is the degree of membrane depol-
arisation at which the inward sodium current just
balances the outward potassium current. In addition
to the rapid effect of membrane depolarisation mentioned
above, Hodgkin maintained that there is also a slow
effect which inactivates the sodium carrying system and
raises the potassium permeability. If the depolaris¬
ation is gradual, the slow effect predominates and
blocks the regenerative action of the increase in sodium
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permeability. As the threshold is the potential at
Y/hieh the inward sodium current just balances the out¬
ward potassium, current, with a slowly rising current
most nerves pass into a refractory state without giving
an action potential.
Whatever the explanation, all workers agree that
the accommodation of peripheral nerves is associated with
the 'sodium pump', or the possible inactlvation of the
'potassium pump' and requires the presence of calcium
ions (Hodgkin, 1964), These 'pumps' require metabolic
energy and so are vulnerable to disorders affecting tbe
energy metabolism of the excitable cell (Simpson, 1962«>',b).
This metabolism is oxidative (Shanes & Herman, 1-956;
Connelly, 1959). The dependence- of accommodation on
some forms of oxidative metabolism is further suggested
by the alteration of accommodation in states of ischaemia
and with changes in the f>H of the environment and by the
effects of ionic changes and of drugs. Solandt (1936)
suggested a possible correlation between the rate of
destruction of an acetylcholine-like substance and the
time constant of accommodation. This acetylcholine-like
substance is thought by Nachmansohn (1959) to be produced
during the passage of a nerve impulse, but the majority
of workers do not accept this mechanism.
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Mechanism of action of calcium on nerve accommodation
The calcium ion influences the phenomenon of
accommodation markedly (vide pp 4 and 13), but the
exact basis of the relationship between the two is still
disputed. Hodgkin, Huxley & Katz (1949) suggested that
calcium influences the excitability of a nerve by its
reaction with organic ions which are required for trans¬
port of sodium ions across the cell membrane. . Shanes
(1949 a, b) maintained that calcium acts on the mole¬
cules controlling the permeability of the membrane for
potassium and thus controls the excitability of a nerve,
brink (1954) has postulated that, as a result of its
action on the ion transport across the nerve surface,
calcium modifies the tendency of the membrane potential
to oscillate during current flow. None of those theor¬
ies have been accepted universally.
Quantitative expression of accommodation
Hill (1936) observed that the phenomenon studied
by different experimental methods can be expressed by
I
the same constant and proved, that Fabre's 'constante
lineaire' (1927), Schrievor's (1932)'Einschleichzelt'
(multiplied by 2,89) and Monnier' s are the same as/t .
Hill further concluded that the ratio of the threshold
FIG..3
FIGURE 5
Shows the relationship between the slope of accom¬
modation curve and . 0) ~/V•= 7.4m, sec. j {2)-A- 16.1m,sec.
(s)39.0m.sec,; (4)-/I = 260m.sec,} (pJ»A~ <• (Reproduced
from Solandt (1936)),
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exponential current (I) to tlie rheobase for a current
of Instantaneous onset (1$ ) should bear a linear
relationship to the tine constant of current rise
and th. t the slop© of this line should eqiial the
reciprocal of the time constant of accommodation (1//1 ).
Accordingly the lower the capacity for accommodation
the higher the ^ and vlceversa (vide fig. 3). He
recommended the use of the reciprocal of the slope as
a meastirement of accommodation. The simplest way of
obtaining this lime is to determine the rheobas© with
a current pulse which has an Instantaneous rise and
then to obtain the threshold for stimulation for
current pulses rising exponentially with different
time constants. The various thresholds obtained in
this manner are plotted in terms of their ratio to
the rheobas© of the instantaneous current. The ratio
is a better index of stimulus strength as an absolute
value may vary vsrith tissue impedance. The time cons¬
tants are plotted as abscissa and the relative current
strengths as ordinate. Instead of an exponentially
rising current, a linearly rising current can be used
in the same manner.
In addition to the use of progressive current as
in the method mentioned above, measurement of galvanic-
tetanus ratio and alternating current intensity -
frequency curves can also be used to demonstrate the
presence of accomodation (Ritchie, 1S54), but these
methods aro less quantitative than the method just
described.
Mature of accommodation Curve
Solandt (1935, 1936) in his experiments on animal
and human subjects confirmed the linearity of accommod¬
ation curves as predicted by Hill (1936). Among the
earlier workers, Cardot and Laugier (1913) using frog
sciatic nerve, obtained good straight lines by plotting
absolute thresholds against time constants of current
rise with slowly rising currents, Schrlever (1930)
and Delvilie (1934) also obtained straight linos by
similar plotting.
However, it was observed by Bernhard et al (1942)
that the accommodation curve, although linearly rising
in the initial part, tended tc become relatively hori¬
zontal when the strengths of the slowly rising current
were sufficiently great. These workers pointed out
that the nerve could accommodate itself against slowly
rising currents within a certain range of current
strength only and that beyond this point there was a
breakdown or impairment of accommodation. This break-
down of accommodation has been found to occur at
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2,5 - 5 times the rheobasic current (Kugelberg, 1944).
In view of this breakdown of accommodation at a
certain stage, Vhitteridge (1950) has doubted the depen¬
dence of accommodation on a single factor as suggested
by Hill (1936).
previous studies on the phenomenon in man
Normal .* In common with most other neu.ro-
physlological problems, accommodation has largely been
studied In animal preparations. The present work is
concerned with this feature of nervous excitability in
humans and so a discussion of previotjs studies in man
is appropriate.
Fabre'3 (1928) paper was possibly the first report
on this aspect with a quantitative determination of
'constants lineaire' in normal Individuals. Later,
Liber son (1934) published a fevj normal accommodation
curves. Sdhriever (1952) determined his 'Einschleich-
zeit* at the motor point of Biceps in six normal indi¬
viduals. Sclandt (1935, 1936) and Granit and Skoglund
(1942) reported their observations on a limited number
of normal subjects.
Kugelberg (1944) has published the largest series
of observations so far reported in normal Individuals.
He determined the accommodation in the ulnar nerve of
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one hundred normal individuals. In his paper, he
constructed accommodation curves by the method of
Hill (1936), but he expressed the capacity of accom¬
modation in terms of the actual slope of the Initial
linear part of the curve instead of its reciprocal.
His observations on the initial linearity were in
agreement with those of previous workers (Solandt, 1936}
Hill, 1936); he also noted the breakdown of accommodat¬
ion when the current was sufficiently strong as ment¬
ioned by Bernh&rd et al (1942), Kugelberg's studies
Included comparisons between the time constants of
accommodation of different nerves in the same individual
as well as of the long and short fibres of the ulnar
and median nerves. His conclusions will be discussed
in more detail in a later chapter. Simpson (1935)
reported his observations on the time constant of accom¬
modation in the ulnar nerv© in 32 normal subjects.
Abnormal : Kugelberg (1944) also observed
the effects of calcium deficiency and ischaemia on
accommodation. Both these conditions were found to
lower the property of accommodation, Solandt(1936)
and Wigton & Brink (1944) also noted impaired accommod¬
ation in hypocaleaemlc subjects. These observations
were confirmed by Simpson (unpublished personal commun¬
ication) who has also detected decreased accommodation
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of nerves in a hypothermic subject (1955) and increased
accommodation in hypercalcaemic states (Simpson, 1954).
The effects of cold and calcium deficiency on human
norve accommodation are in agreement with those obser¬
ved in animals (vide p.4 ).
Accommodation and repetitive responses in the nerve
In a state of decreased accommodation, a nerve has
a tendency to fire repetitively when stimulated by
stimuli near threshold intensity (Katz, 1957).
Spontaneous firing has also been reported in animal
and human nerves with lowered accommodation (Katz, 1957;
Schrievcr ft Cebulla, 1S38) causing twitching or tetanic
spasm of muscle if motor fibres were affected, or
parsesthesla if sensory fibres fired spontaneously
(Kugelberg, 1944). A phenomenon of this nature could
account for the pnraesthosia associated with certain
diseases of the peripheral nerves. Simpson (IS56}
noted a tendency for repetitive responses to stimula¬
tion by brief electrical shoehp in Compressed nerves
as in the carpal tunnel syndrome,
Purpose of the present study
Prom the above review, it is evident that the
property of accommodation in peripheral nerves In man
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has received little attention, particularly In patho¬
logical states. As the property of a peripheral
nerve to accommodate to slowly rising currents depends
upon oxidative metabolism, unlike the velocity of
conduction (Simpson, 1968a.,.£>, it. was thought worthwhile
to study this phenomenon and its correlation with the
clinical or other electrical alterations in the periph¬
eral nerves of patients suffering from various diseases
affecting mainly the lower motor neurone.
The value of measuring the accommodation in the
diagnosis of peripheral nerve injuries has been stres¬
sed by Ritchie (1954), but there have been no reports
on this, using the full method described in this thesis,
'ftccowmodcxtion Indfcx-', which depends on the phenomenon
of accommodation was never observed to be less than 4
in normal muscles (Ritchie, 1954) whereas in donervated
muscles it approached unity, indicating a lowering of
the property of accommodation (Pollock et al, 1944,
1945). Pollock et al (1944, 1945) measured accommod¬
ation by stimulating motor points. Kugelberg (1944)
has shown the limitations of using stimulation at
such sites in the measurement of accommodation.
The measurement of nerve accommodation by using
progressive currents in the diagnosis of peripheral
nerve lesions is, however, unlikely to be adopted as
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a routine procedure. Stimulation by a slowly rising
current is more painful to the subjects than stimula¬
tion by an instantly rising one and a number of such
stimuli are needed to draw an accommodation curve.
Consequently many patients may not agree to submit to
such a procedure. Moreover, the tost is time consuming,
being more suitable for special studies than for routine
investigations, Use of other methods for measurement
such as the determination of the gal\'anlc-tetanus ratio
and alternating current intensity-frequency curves are
also hazardous for the subjects (Ritchie, 1954).
Scope of the present study
In this study, accommodation was measured in the
motor fibres of different peripheral nerves. The study
was carried out on a group of controls and on patients
with compression neuropathies, motor neurone disease





Most of the workers in the field of accommodation
have used stimulators producing jsrogressivo ciirrents.
These stimulators can be divided in two main groups :
1) Those producing exponentially rising current and
2) those producing linearly rising current.
Gildmeister (1904)f Lapiqu© 11926), Schriever
(1930), Solandt (1936), Kugelberg (1944) among others
have used the former type of stimulator in their studies
and v. Krios (1884), Lucas (1907), Blair (1935), Fnbre
(1927) on the other hand, have used the latter type,
Skoglund (1942) has advocated the use of linearly
rising current in preference to exponential for studies
on accommodation, but Landolt (1S42) commented that
interpretation of values obtained by linearly rising
current was more difficult. Hill (1936) has shorn
that comparable values for the time constant of accom¬
modation could be achieved by using either exponentially
or linearly rising current,
For the present study exponentially rising current
has been used to measure accommodation. This form of
stimulation has been selected as most of the studies on
human subjects available for comparison have been carried
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out with this form of current.
A constant current stimulator was employed for this
study. It was built in the Institute of Neurology,
Queen Square, London, adopting the circuit described
by Andrew (1952) with slight modifications. The stimu¬
lator could be set to give either an abrupt rise of
current or an exponential rise according to the equation
I = la (1 - e^K) where •=. final current, e =
•y
Naperian logarithmic base, a = time constant of current
and t = time.
The current output and the time constant could be
varied independently in the stimulator.
The time constant could be adjusted by a switch,
which controlled the value of capacitance to produce
current rise of preset time constants ranging from
0 to 250 milliseconds in steps of 25 milliseconds.
By changing the value of the series resistance in
the output stage, the stimulator could be adjusted to
give a predetermined current output from 0.1 mA to
10 mA. in steps of 0.1 mA, The high source Impedance
of the output stage of the stimulator allowed the out¬
put current to be practically independent of the
patient's resistance. The same factor also made the
time constant independent of patient's resistance.
The duration of the applied current was fixed at 3 sees.
Fl G.4
FIGURE 4
Shows the experimental set up for stimulating the
ulnar nerve at elbow (see text for details)«
Electrodes
A one centimetre diameter lint-covorcd silver-
silver chloride electrode was used as the cathode and
a broad thin cop er plate wrapped In a piece of lint
was used as the anode. For the experiments, the
electrodes were thoroughly soaked with normal saline
before use and Cambridge electrode jelly was rubbed on
the skin of the patients at the site of application of
the electrodes until an erythema was produced to
minimise skin resistance,
Experimental procedure
Position of the subject : The subjects sat
at a table opposite the experimenter when the nerves of
the upper limbs were being investigated and lay on a
table for the study of the nerves of the legs.
Set up for studying ulnar and median nerves :
For investigation of the ulnar nerve, the cathode was
placed over the nerve at the olecranon fossa at the
elbow. The anode was placed over the ventral aspect
of the forearm. The electrodes were fixed firmly in
position with straps and the subjects were asked to
relax (vide fig, 4), The rheobaso was then determined
by applying a long duration current (3 sec.) vd.th insta-
neous rise. Subsequently, thresholds for currents
FIG.5
FIGURE 5
Shows the experimental set up for stimulating the
median nerve at wrist (see text for details).
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rising exponentially with time constants of 25, 50, 75,
100, 125, 175, 200, 225 and 250 milliseconds wore dete¬
rmined, Minimal visible twitch of the first dorsal
interosseous muscle was taken as the index of response
to stimulation of the nerve. At the end of the proce¬
dure, the rheobose was re-dotermined. If the two
measurements of the rheobase differed by more that 10$
(Kugelberg, 1944) the whole procedure was repeated until
the rheobases determined at the beginning and end of
the experiment were within 10$ of each other.
The same procedure was repeated with the cathode
at the wrist over the anatomical site of the ulnar
nerve and the anode in the neighbourhood. In the case
of the median nerve, two sets of readings were obtained
by stimulating the nerve with the cathode at the bi¬
cipital groove in front of the elbow and at the wrist
with the cathode over the palmar!s longus tendon (vid©
fig, 5), A minimal visible twitch of abductor polllcis
brevls muscle was taken as the index of response to
stimulation of the median nerve at both sites. The
other details of the procedure were the same for the
ulnar nerve.
Set up for lateral popliteal nerve i For
the study of the lateral popliteal nerve, difficulty
was encountered in stimulating the nerve with a surface
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electrode over the neck of the fibula owing to the
limited output of the stimulator. To overcome this,
the nerve was stimulated with a hypodermic needle as
cathode inserted through the skin in the neighbour¬
hood of the nerve at the same site. The anode was
placed on the medial surface of the tibia. The least
visible upward movement of great toe was taken as the
Index of response to stimulation of the lateral pop¬
liteal norve.
Frequency of application of stimuli :
Stimuli ware applied at intervals exceeding 30 seconds
to enable the nerve to recover its resting state
between stimuli. The threshold for current pulses
v;ith each time constant was estimated by gradually
increasing the current strengths on successive tests.
It was found that this procedure gave consistent results
whereas determination of the threshold by decreasing
from suprathreshold levels gave variable results.
Suitability of the index used to determine threshold
stimulation
In this work, visible muscle twitch has been used
as index of response to nerve stimulation. Skoglund
(1942) has deprecated the use of visible or palpable
muscle contraction as an index of threshold stimulation
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in the study of accommodation. He observed that in
determining the threshold strength for longer rising
currents, it becomes difficult to visualise such a
contraction* This is due to the repetitive discharges
of nerve fibres resulting from breakdown of accommoda¬
tion in response to sufficiently strong stimulating
current, I have experienced similar difficulty with
slowly rising currents, but the muscle contraction was
observed to be a consistent index for obtaining the
linear parts of the curves which have been used to
measure the time constant of accommodation.
Kugelberg (1944) could obtain consistent results
using muscle contraction as an index in his study
which included a fairly large number of subjects*
In view of these facts, muscle contraction was
considered a suitable Index to determine a working
accommodation curve in the peripheral motor nerves,
although it may not be an ideal one. Moreover, adopt¬
ion of this Index permitted comparison of the results
with those of Kugelberg (1944) which have been confirmed
by Simpson (1955).
Skoglund (1942) has suggested that the actual acco¬
mmodation in a nerve fibre could only be ascertained if
the first nerve action potential recorded with the
cathode ray oscilloscope is used as an index of
stimulation of the fibre. Cranit and Skoglund (1943)
refined the method further hy using a microeloctrode
for picking up the action potential from an isolated
single fibre in animals.
A duplicate measurement of accommodation (by using
appearance of first action potential as the index of
stimulation) of a few subjects already studied by the
method described was thought worthwhile for comparison,
accordingly, an attempt was made to record the action
potential In a cathode ray oscilloscope with a needle
electrode inserted into the relevant muscle. The
method of stimulation remained the same as described
before. Unfortunately, the stimulator used in the
sttidy could not be completely isolated from ground as
the long-duration pulses of current cannot be trans¬
mitted through a transformer or radio froqtioncy
isolation unit. This failure of isolation resulted
in production of a large stimulus artefact, which made
recognition of action potentials impossible. Conseque¬
ntly this aspect of the work had to be abandoned,
othod of construction of accommodation curve
The stimulation threshold was plotted against
the time constant of rise of the stimulating current
in the manner of Solandt (1936). As the actual amount
of current passing to the nerve depends on a number
of factors s\ich as tissue resistance, the absolute
values for threshold currents are not of much signi¬
ficance by themselves. Thus the thresholds for the
exponential currents were exprossed in terms of their
ratio to the rheobasic current, the latter being taken
as unity. The accomodation curves were obtained by
plotting on graph paper the relative current strengths
as ordinate and the time constant of their rise as
3Lbsc/ss3. . In the rest of this thesis, the stimula¬
ting current will be specified by the time constant of
its rate of rise, e.g. 'a 25 milliseconds pulse'
indicates that the rising phase of the stimulus is
exponential with a time constant of 25 milliseconds.
Measurement of accommodation
The accommodation slopes were computed by extra¬
polating the rectilinear part of the curvojand meas¬
ured In multiples of rheobase per second (rheobase s. 1)
(Kugelberg, 1944). As the initial part of the curve
often showed a deviation from linearity, for determin¬
ation of the slope the beginning of the rectilinear part
was taken at the point of the 25 milllsecond.3 stimulus.
Such initial deviation has also been reported by
Solandt (1936). In a fair number of pathological
25.
curves, ho?/ever, this initial bending was absent and
on such occasions the beginning of the rectilinear
part of the curve was taken at the point of 0 milli¬
seconds in the abscissa and the slope measured accord¬
ingly, The slope obtained by stimulating the ulnar
or median nerve at elbow or wrist will be taken as the
accommodation in the nerve at that site.
Breakdown of accommodation
Breakdown of accommodation was taken as the point
where the rectilinear part of the curve took up a
relatively horizontal course. This did not represent
the actual point of breakdown of accommodation as the
departure from linearity occured progressively, but it
was considered to he suitable as an index for a compar¬




Shows the accommodation curves for the ulnar nerve
at elbow (A), the median nerve at elbow (B) and the
lateral popliteal nerve at neck of fibula (C) obtained
in one of the control subjects (subject 1). The slopes





Fifty-two control subjects were selected from the
in-patients of the Neurological Unit, Northern General
Hospital, Edinburgh, These patients had no clinical
or laboratory evidence of peripheral nerve abnormality.
It was assumed that the accommodation of their periph¬
eral nerve would be within normal range.
Table 1. shows the distribution of the control
subjects with respect to clinical diagnosis,
Nerves studied
In each, the accommodation curves for the motor
fibres of the ulnar and the median nerves at the elbow
and the wrist and for the lateral popliteal nerve at
the neck of the fibula were plotted.
He suit s
Nature of the curves : The resultant
accommodation curves were linear in the initial parts
with a tendency to become horizontal later (vide fig, 6).
This pattern was in conformity with the experience of
the previous workers (vide chapter 1).
27.
TABLE 1
CLINICAL DIAGNOSIS CP CONTROLS



















Accommodation slope values : The accom¬
modation slope values for the motor fibres of the
ulnar and the median nerves at different sites are
shown in Table 2. The accommodation has been taken
as the slope of the initial linear part and is expres¬
sed in terns of the rise of slope in rheobases per
second. The group mean accommodation slopes of the
control subjects were 21,3 +0.4 and 22.0 ± 0,5 rheoba¬
ses per second for the ulnar nerve at elbow and at wrist
respectively and 22.6 ± 0,6 and 22.0 ± 0,5 rheobases
per second for the median nerve at elbow and at wrist
respectively.
An analysis of the results showed that the values
of accommodation slopes for the motor fibres obtained
at elbow and at wrist were not significantly different
from each other, both for tho ulnar and for the median
nerves (vide p,39). Accordingly the slopo values for
the motor fibres of respective nerves in individual
subjects were calculated as the mean of the values at
the elbow and at wrist. These valties are presented
In Table 3. The same Table also contains th© accom¬
modation slope measurements for the motor fibres of the
lateral popliteal nerve.
Accommodation and the side of the body examined
: The accommodation slope was measured for the motor
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TABLE 2
ACCOMMODATION SLOPE IN RHEOBASKS PER S COUP IN
CONTROLS
Subject no. Slope in Rheobasos per second
Ulnar Median
Elbow Wrist Elbow Wrist
1. 20,0 22,0 25.2 29.3
2. 26.6 24.0 CO o * c 24.0
4. 18,0 17.0 20,0 10.0
5. 18,0 26,0 22.2 26.0
6. 22,0 20.0 23.1 22.0
8. 29.0 20,0 34.0 20,0
9. 18.0 24.0 22.0 18.6
10. 26,0 21.3 37,0 23.3
11. 20,0 16.0 20.0 24 . 0
12. 20,6 16.0 20.5 21.3
15. 26.0 22.0 20.0 20.0
14. 22.0 26.6 29.1 20,0
16. 17,3 16.3 22.0 20.0
17. 28. C 22.0 23.0 24.0
18. 18.0 20.0 21.0 24.6




Subject no. Slope In Rheobases per second
Ulnar Median
Elbow Wri at Elbow Wri st
20. 23.3 23.0 20.0 17.3
21. 18.0 26.0 22.5 22.0
22. 23.3 16.6 20,0 16.0
24. 20.0 29.3 34,0 28.2
25. 18,0 22.6 25.0 25.0
26. 22.1 23.0 20.0 18.6
27. 20,0 20.0 20.0 22.0
28. 20.6 24.0 22.0 20.0
29. 20.0 20,0 20.0 22.0
30. 20.0 24.6 24.0 26.0
31. 19.0 22.0 16.3 26.0
32. : 18.0 18.0 10.0 22.0
33. 20,6 23.3 22.0 24.0
34. 21.3 20.1 22.0 22,0
35. 23.3 10.0 19.3 19.0
36. 20,6 22.0 22.0 22.0
37. 24.0 26.0 22.0 28.0
38. 28.0 24.0 24.2 26,0
39. 20.2 23.3 21.0 23.0
40. 20.4 25,3 22.0 25.0
42. 10.0 22.0 20.0 22.0
45. /
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Subject no. Slope In Rheobases per second
Ulnar Median
Elbow Wrist Elbow Wrl st
43. 18.0 10.6 21.0 20.0
44. 18.0 18.0 19.0 18.0
45. 19.3 18.0 21,0 20.0
46. 10.0 18.0 19.3 19.0
47. 20.0 30.0 22.0 22.0
48. 20.0 23.0 27.0 25.0
49. 26.6 22.0 28,0 16,6
50. 18.0 18.0 20.0 16.6
51. 25.0 35.0 32.0 32.0
52. 21.2 23.3 24.6 20.6
53. 22.0 21.3 24.0 22.0
54. 21.3 21.3 24.0 22.0
55. 17,0 18.0 18.0 20,0
56. 19.3 18.0 18.0 10.0























in rheobases per second
Median Lat. Popliteal
1. 21.0 27.2 30.0
0;. 25.3 22.3 36.4
4. 17.5 19.0 20.0
5. 22 • 0 24.1 30.0
6. 21.0 22.5 24.0
8. 24.5 27.0 23.4
9. 21.0 20.3 30.0
10. 23.6 30 »1 36.0
11. 18.0 22.0 27.0
12. 18.3 20.8 25.0
13. 24.0 20.0 26.0
14. 24.3 24.5 32.0
16. 16.8 21.0 28.0
17. 25.0 23.5 34.0
18. 19.0 22.8 34.0




in rheobases per second
Median Let. Popliteal
20. 23.1 18.6 30.0
21, 23.0 22.2 32.0
22. 19.9 18.0 25.0
24. 24.6 31.1 34.0
25. 20.3 25.0 32.0
26. 22.5 19.3 31.0
27. 20.0 21.0 24.0
28. 22.3 21.0 20.0
29. 20.0 21.0 27.8
30. 22.3 25.0 27.0
31. 20.5 21.1 32.0
32. 18.0 20.0 32.0
33. 21.9 23.0 26.6
34. 20.7 22.0 22.6
35. 20.6 19.1 25.3
36. 21.3 22.0 24.6
37. 25.0 25.0 30,0
38. 26.0 25.1 32.0
39. 21.7 22.0 30.0
40. 22.8 23.5 28.0




in rheobase3 per second
Median Lat. Popliteal
45. 18.5 20.5 24.0
44. 18.0 18.5 22.0
45. 18.6 20.5 24.0
46. 18.0 19,1 21.0
47. 29.0 22.0 32.0
48. 21.5 26.0 32.0
49. 24.5 22.3 32.0
50. 10.0 18.3 22.0
51. 30.0 32.0 26.6
52. 22.2 22.6 28.0
55. 21.6 23.0 27.0
54. 21.3 23.0 28.0
55. 17,5 19.0 20.0
56, 18.6 10.0 25.3
57. 24.0 26.0 32.0
Mean 21.6 22.3 28.0
±0.4 tO. 5 10.6








fibres of the ulnar nerve at the elbow in both 3ides
in 6 subjects of the control group to detect any pos¬
sible difference betxveen the capacities of accommod¬
ation in the same nerve of the two sides. The obser¬
ved accommodation slopes aro quoted in Table 4.
The mean difference between the two sides was
0.55 +: 0.88 rheobases per second. This degree of
moan difference is not significant as the t of the
sane is 0.6 (F >0.2) consequently it can be assumed
•that accommodation In the motor fibres of any partic¬
ular nerve is similar in both sides. This observed
similarity between the two sides points to the consis¬
tency of the method adopted in this study.
Discussion
Purposd of studying controls : The accommod¬
ation in the motor fibres in the peripheral nerves was
measured in the controls for comparison with that of
subjects v;ith a definite peripheral nerve or anterior
horn cell pathology. In addition, it was thought
relevant to compare the present results with those of
previous workers on normal human beings. Such a comp¬
arison was expected to throw some light on this scantily
studied phenomenon in the peripheral nerves.
TABLE 4
ACCOMMODATION SLOPES FOR ULMAR NERVE AT ELBOW IH
TWO LIMBS IN CONTROLS










Comparison of available reports :
Ulnar nervo : The accommodation values of
the ulnar nervo obtained by other workers for the motor
fibres of the ulnar nerve are shovm in Table 5., along
with my own results.
The comparison shows that the accommodation slopes
for the motor fibres of the ulnar nerve at elbow repor¬
ted by different workers were closely similar, but not
identical. The differences observed were possibly
dependent upon the index tised to determine the threshold
of stimulation, the nature of the stimulator employed
and possibly also on the actual experimental procedure.
In the present study, every attempt was made to follow
the method of Kugelberg as far as possible^and the
accommodation slopes obtained by mo (21,3 + 0,4 rheo-
boses per second) wore not much different from those
reported by Kugelborg (18.1 rheobases per second)
(1944) using the same index.
A scrutiny of Kugelberg's (1944) results shov/s
that the calculated slope may vary with the nature
of the index of threshold stimulation used. He
obtained a mean accommodation slope of 18.1 rheobases
per second for the ulnar nerve at elbow, by using
visible twitch of dorsal interosseous muscle as an
index and means ranging between 21,4 and 23.0 rheobases
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TABLE 5
MEAN ACCOMMODATION SLOPES FOR ULNAR NERVE AT
ELBOW REPORTED BY DIFFERENT WORKERS
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per second for the same nerve at elbow by using palpable
twitch of flexor carpi ulnaris as the index (vide Table 6).
Median nerve : Table 7 compares the mean accom¬
modation. slopes for the motor fibres of the median nerve
by stimulation at elbox? obtained in this study with those
of Kugelberg (1944). As with the ulnar nerve, values
reported by Kugelberg and those obtained by me are comp¬
arable; they were 19.5 and 22.6 +0.6 rheobases per
second respectively, Kugelberg's values also show
their dex->endonce on the index used. He obtained a
steeper curve (Slope =. 25.6 rheobases per second),
using palpable contraction of m. flexor carpi radlalis
as the index of stimulation than that with visible twitch
of abductor pollicis brevis muscle as an index (Slopes
19.5 rheobases per second).
Comparison of the accommodation at different sites
of the same nerve : A selective affection of the
accommodation in peripheral nerves in tetany has been
reported by Kugelberg (1944). Kugelberg and Skoglund
(1946) observed a longer adaptation time in the proximal
part than in the distal part of the same fibre of the
ulnar nerve. The duration of the ropetitive discharges
in a single motor unit was taken as the measure of adapt¬
ation time. According to these workers, accommodation
is inversely proportional to the adaptation. Hence,
40.
TA13LE 6
MKA n ACCOMMODATION SLOPES FOR TTLUAR NERVE AT






lalpable contraction of 21.4
flexor carpi ulnar!s ms. 2.3.0
22.0
Visible twitch of 1st
dorsal interosseous ms. 18.1
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TABLE 7
COMPARISON OF MEAN ACCOMMODATION SLOPES FOR THE
MEDIAN NERVE AT ELBOW OBSERVED BY KUOSLBERO AND
THE AUTHOR





















brevis ms. 22.6 ± 0.6














Shows the distributions of the accommodation slope
values for the different nerves among the controls.
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they concluded that the proximal part of a nerve poss¬
esses less accommodation than the distal part. In the
pi^esent study, no consistent relationship could be obser¬
ved between the proximal and the distal parts of the
ulnar nerve and the median nerve, sometimes the one and
sometimes the other having the greater accommodation
(vide Table 2). The difference may well be in the
fact that the most readily stimulated fibres at each
site are unlikely to be the same. The distribution of
the slope values of the motor fibres obtained at elbow
and wrist were, howe\rer, almost similar for both the
ulnar and median nerves (vide fig. 7.) and also the mean
differences between the slope values of the two sites of
the nerves were not significant. The data for the eval¬
uation of the mean differences between the two sites are
tabulated below (Table 8.).
TABLa 0.
Nerve Mean difference t P
Ulnar 0.7 ±0.5 1.2 >0.2
Median 0.6 10.6 1.0 >0.2'
Kugelberg (1S44) also could not detect any differ¬
ence in the accommodation for the motor fibres between
the elbow and the wrist of the ulnar nerve using muscle
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twitch as the index of stimulation. This suggests that
if there is a difference between the accommodation at
wrist and at elbow in the some nerve fibre, it is too
small to be detected by the present method in which a
nerve bundle is stimulated. It is possible that a dif¬
ference may be limited to the lowest threshold fibres.
Kugelberg and Skoglund (1946) measured the threshold by
the appearance of the first action potential using a
micro-electrodej they obviously obtained the accommod¬
ation value for the lowest threshold fibres and were
able to identify the stimulation of the nerve fibre at
both sites. Their same study further shows that the
accommodation measured by using action potential as an
index was much smaller than that obtained by using muscle
twitch as the index in the same subject. This suggests
tha,- lower threshold fibres may have a diminished capa¬
city of accommodation. Sato (1950-51 b) however, obser¬
ved a larger value of A for smaller diameter fibres than
the larger ones in his experiments with animals.
Comparison of accommodation between different nerves
: Kugelberg (1944) on a comparative study of 15 sub¬
jects suggested that accommodation in the median nerve
was somewhat better than In the ulnar nerve, but this
observation of Kugelberg could not be confirmed in the
present study, which has been carried out on a larger
number of subjects. In the present study, 34 subjects
(65.5$) among the controls had higher accommodation
slope value in the motor fibres of the median nerve
that those of the ulnar and 17 subjects (32.7$) had a
lower value in the former than the latter. The mean
difference of the values between the two nerves was not
significant. The relevant data on the difference Is
shown below.
Mean difference t £
0.7'to.4 rheobases per second 1.75 >0.05
The motor fibres of the lateral popliteal nerve, however
were observed to havo a higher degree of accommodation
than those of the ulnar and the median nerves. A review
of Table 3 will show that this difference was obtained In
almost all the subjects of the control group. This fact
is also obvious in fig. 7. The mean differences between
the slope values for motor fibres of the lateral popliteal
nerve and those of the ulnar and the median nerves are
statistically significant (vide Table 9.).
Kugelberg on the contrary could not detect any dif¬
ference in the accommodation of the nerves of the leg
from those of the forearm In a study of 10 control subjects
He obtained a mean accommodation slope of 20.2 rheobases
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TABLE 9
ANALYSIS OF THE MEAN DIFFERENCES BETWEEN LATERAL
POPLITEAL TLRVE AND MEDIAN AMD ULNAR. NERVE'S
"Nerve Mean difference
(in rheobases per sec.) t P
Ulnar 6.4 ± 0.5 12 <0.001
Median 5.7 ± 0.3 19 <0.001
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per second in the nerve of the leg. He used different
indices to determine the threshold in different subjects
in this grotip, accordingly the results obtained from such
study is likely to be fallacious for reasons mentioned
befove (vide p.57).
Breakdown of accommodation : Breakdown of accom¬
modation was found to occur at a current strength of 2 -
4 times the rheobase in the control subjects (vide fig, 6).
This was in agreement with previous workers (Bernhard et
al, 1942; Kugelberg, 1944),
Summary and conclusions
Accommodation was studied In 52 control subjects in
the motor fibres of median and ulnar nerves at the elbow
and wrist and in the lateral popliteal nerve at the neck
of the fibula,
A comparison of the results obtained in the present
study with those of the previous workers shows that the
calculated value of accommodation depends on the experim¬
ental procedure. If the procedure is standardised, a
comparable result can be obtained by the method used.
Mo difference could be observed In capacity of
accommodation in the motor fibres between the ulnar and
the median nerves, but faster accommodation (i.e. a lower
time constant) was observed in the motor fibres of the
47.
lateral popliteal nerve than in those of the nerve3 of
the forearm,
No regional difference in the capacity of accom¬
modation along the length of a nerve could he detected
by the method used,
A breakdown of accommodation occurred with any
stimulus having a strength of 2 - 4 times that of the
rheobase, regardless of its time constant of rise.
CHAPTER 4
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STUDIES OH COMPRESSION NEUROPATHY
Four subjects with compression neuropathy were
studied in the present work. Three of them were
patients with compression of the median nerve between
the carpus and the flexor retinaculum of the wrist
(Carpal tunnel syndrome) and the other was a patient
suffering from pressure palsy of the ulnar nerve at
the elbow.
Carpal tunnel syndrome
Dia/mo sis : The diagnosis in these three
subjects was established on the following criteria :
1* Presence of a spontaneous sensation of 'pins and
needles' in the thumb, index and middle fingers of
one or both hands.
2, Some wasting of the lateral part of the thenar
eminence.
3, Weakness of one or more muscles of the thenar
eminence supplied by the median nerve,
4. Absence of any evidence of a lesion of any other
peripheral nerve,
5. Slowing of conduction along the median nerve at
the carpal tunnel detected by measuring the cond¬
uction velocity of the nerve proximal and distal
RelativeCurrentStrength
FICHTRE 8
Shows the accommodation curves for the median nerve
at elbow (b) and at wrist (d) obtained in a patient with
carpal tunnel syndrome (Case no* 8106), A curve for
the median nerve at wrist from a control subject is also
shown for comparison^®!)* Slope values s (a) .-lo.o
and (D) 5-20.0 rheobases per second.
5. to the flexor retinaculum (Simpson, 1956).
Merves studied : The accommodation curve was
drawn and the values of the slopes were calculated by
the method described for the median and ulnar nerves at
the wrist and in the median nerve at the elbow in those
patients. The accommodation was measured In both sides.
Results
Mature of curves : Figure 8 shows the accommod¬
ation curves for the motor fibres of the median nerve at
elbow and at wrist obtained in one of the patients with a
carpal tunnel syndrome. The curve for the elbow is not
different from a normal curve (vide fig, 6.). The curve
for the wrist, however, differs in many aspects from a
normal one (vide fig. 8). The curve is less steep than
the normal curves for the wrist. The •breakdown* of accom¬
modation has occurred at a lower current strength (1.05
rheobases) than normal (2-4 rheobases). All the curves
for the wrist in patients with carpal tunnel syndrome con¬
formed to this pattern,
Accoinmodation slope values : Table 10, conta¬
ining tho results obtained in those patients shows that
the values of tho accommodation slopes in tho motor fibres
of the median nerve were lower at the wrist than at the
elbow. The mean difference between the two sitos were
11.8 t 1.25 rheobases per second for the right nerve and
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'TA3LE 10
ACCOMMODATION SLOPES IN MEDIAN NERVE AT ELBOW
AND AT WRIST IN CASKS OF CARPAL TUNNEL SYNDROME
Case
No.
Name Slope in rheobases per second
Right side Left side
X. 5 Elbow Wrist Elbow Wri st
6981 E.M. 20.0 10.0 22.0 16.0
8106 E'.O. 24.2 o . o 21.6 12.0
8107 S.H, 22.2 12.0 23.0 16.0
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7.5 ± 1.1 rheobases per second for the left. The rel¬
evant data for the analysis of the difference are shown
in the Table below.
Side Mean difference t P
Right 11,8± 1.25 9.0 4.0.02
Left 7,5 + 1.1 6.C 4.0 • 05
It has been shown in Chapter 3 that there is no
significant difference of accommodation along the length
of the median nerve normally, so this reduction in accom¬
modation in the fibres of the median nervo at wrist in
patients with carpal tunnel syndrome can be accepted as
abnormal. The limitation of this reduction to the site
of the compression is indicated by tho fact that the
slopes for the median nerve at elbow were within the
normal range (22.6 ±9.9 rheobases per second - control
range). This abnormality of the median nerve at wrist
is emphasised by comparing the group mean accommodation
of these patients iirith that of controls. The compar¬
ative data are shown in Table 11.
The impaired accommodation at the wrist in the motor
fibres of the median nerve in* patients with carpal tunnel
syndrome is also substantiated by inspection of * individual
results. Among the six measurements of accommodation
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TABLE 11
C. oiAKISOM OF OKI TIP mm ACCOMMOPATloSf SLoPhS
F- B mmAM NKEVK AT miw in cc^m.LQ AHD IN
i'ATlKNTS " ITH CARPAL TTJ?nii:L syWCROM.
•can slop© In t f
rhooba so a per second
Control Carpal tunnel
syndrom©
22,0 +C.5 Fight 10,6 +0,9 5.0 • 1 53
Loi't JL .6 +1,5 3.3 <0,01 53
slop© for the motor fibres of the median nerve at the
wrist in these patients, four (66 ) had a slope value
of 12 rheobases per second or less and two (33 ) had a
slope value of 16 rheobases per second. Analysing the
distribution of the slope values in controls, it was
calculated that among the normal population only 0.7t
and 10.8$ had probabilities of having slope values as
low as 12 rheobases per second and 16 rheobasos per
second respectively for these fibres.
Accommodation in the motor fibres of the ulnar
nerve at the wrist in these patients was found to be
within the range of the controls; this finding exclu¬
ded the possibility of any generalised impairment of
accommodation in the peripheral part of the motor fibres
In one of these patients (Case no 6981), the
study was repeated about a year after operative split¬
ting of the flexor retinacula of both sides to decom¬
press the median nerve. The patient had considerable
symptomatic improvement after the operation. The
slopes obtained in this patient after the operation
along with the pre-operative \-alues are shown in Table
12.
From the figures shown in Table 12 there is some
suggestion that the accommodation in the motor fibres
of the right median nerve has returned towards the
54.
T,A ;>LB 12
THE EFFECT OF DECOMPRESSION OH THE ABNORMAL
ACGOMMOPATIOS IK CARPAL TUNNEL SYNDROME
Slope in rheobasee per second
Side Elbow Wrist
Before After Before After
oprn. oprn. oprn. oprn.





normal range, but as no similar change occured on the
left, it is impossible to draw any general conclusion.
Ulnar nerve compression
As mentioned before, the other subject in the
group of compression neuropathy was a patient suffer¬
ing from pressure palsy of the ulnar nerve at the
elbow, A short summary of the case history is noted
below.
Case history : J.H., aged 37, attended the
neurological out-patient clinic complaining of num¬
bness of right little finger, the medial half of ring
finger and the corresponding of tho distal third
of the forearm. He was also having feelings of pins
and needles in this area from time to time. On exam¬
ination, hypoaesthesia and hypoalgesia were noted in
that area. There was .slight weakness of the hypo-
thenar muscles of the right side. Nerve conduction
study revealed a slowing of conduction along the right
ulnar nerve at the elbow. Although he denied any
history of compression, in absence of any'other reason
to explain such a localised lesion at this site, a
diagnosis of compression of ulnar nerve at elbow was
made.
56.
Nervea studied : The accommodation slopes
for the motor fibres of both ulnar nervos were comput-
ated ut the wrist and at tho olecranon groove of the
elbow by the usual method.
Re suit s : All the slopes v/ero within the
normal range with the exception of that measured at the
right elbow, the presumed site of compression of the
right ulnar nerve (vide Table 13.) which was lowor than
the value of the control range (21.3 + &.1 rheobases per
sccond-c control range for ulnar norve at elbow).
Pi scussion
The results described above have been obtained
from, a small group of subjects with compression neuro¬
pathies since no more cases were available for study.
Any inference drawn from these results must therefore
be a tentative one requiring confirmation in a larger
series.
Despite the limitations imposed by the small
number of subjects, a statistically significant roduc-
i
tion of the accommodation in tho motor fibres at the
site of compression both In patients with carpal tunnel
syndrome and in the patient with ulnar palsy suggests
that there is a localised impairment of accommodation
57.
TABLE 15
ACCOMMODATION SLOPE FOR ULNAR NERVh AT ELBOW
AND AT WRIST IN PRESSURE PALSY OF ULNAR NERVE
Case Name Side Slope in rheobases
"No. per second
Elbow Wrist
7857 J.H. Right 11.3 20.0
Left 20,0 19.5
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at the site of compression of a peripheral nerve# A
selective alteration of accommodation in one part of a
nerve leaving the other parts unaffected has been
reported by SKugelberg (1944),
The pathogenesis of compression neuropathy has
been thought similar to tourniquet paralysis (Simpson,
1956). . . In acute experiments, application of a
tourniquet has been round to affect the accommodation
of the peripheral nerve 'concerned (Kugelberg, 1944),
In such experiments, the accommodation was found to
be impaired immediately after the compression, becoming
raised on continuation of compression. Release of the
compression led to transient subnormality of accommoda¬
tion again, The effect of chronic compression of a
nerve on its accommodation has not been reported prev¬
iously.
The present study shows that In chronic compres¬
sion an impairment of accommodation of motor nerve
fibres may occur at the site of compression and suggests
that this may be irreversible (vide Table 12,},
Though the accommodation of the sensory fibres
was not studied, It is likely that this is also
impaired in compression neuropathy. Impairment of
accommodation in the sensory fibres is considered to
produce paraesthesia in the distribution of the affected
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nerve {Kugelberg, 1944} and the paraesthesia in the
fingers which is a prominent feature of the carpal
tunnel syndrome may he a manifestation of such impair¬
ment. This may also explain the exacerbation of
ischaemic paraesthesia (Ollliat & Wilson, 1953)
observed In these subjects; ischaemia worsening the
impaired accommodation further.
The possibility of an Impairment of accommodation
in compression neuropathy was suggested by Simpson
(1956). He based his suggestion on his detection of
repetitive responses in the thenar muscles in response
to a single stimulus to the median nerve at the wrist
in patients with carpal tunnel syndrome and in the
hypothenar muscles in compression neuropathy of the
ulnar nerve.
Threshold stimulation of normal nerve fibres does
not usually cause iterative firing. This is mainly
attributed to the accommodation property of a periph¬
eral nerve. Repetitive responses have been noted in
nerve fibres where there is an Impairment of accommod¬
ation e.g. in hypocalcaemic subjects (Katz, 1937), in
nerves of cooled frogs and nerves bathed in calcium
free fluid. Normal crabs' and lobsters' nerves which
have little or no accommodative property have also been
observed to behave in the same manner (Hodgkln,1948).
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It must be mentioned, however, that accommodation,
though an Important one, Is not the only factor which
controls the "repetitiousness" in a nerve (Katz, 1937).
Sato (195C-E1&) in his study on the effects of hypertonic
saline on nerve excitability, failed to correlate the
incidence of repetitive responses with impaired accom¬
modation and concluded that retardation of the recovery
process is responsible for repetitive responses to
near threshold current.
An observation in one of the subjects of the
present author suggests the possibility of other factors
than accommodation also playing a role in the production
of repetitive responses in a nerve fibre. Accommoda¬
tion was studied In the ulnar nerve of a subject show¬
ing a repetitive response in the hypothenar muscles in
response to a single stimulus to the ulnar nerve. He
had no other objective evidence of a neurological
disorder. Accommodation of the ulnar nerve was found
to be within the normal range both at the elbow and
at the wrist. The values of the accommodation slopes
were 22.2 and 24 rheobases per second respectively.
It may be that the iterative responses seen during
conductivity studies were confined to a few motor
fibres which were not stimulated in my studies, but the
possibility of other factors than accommodation being
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responsible for repetitive firing in certain circum¬
stances must be borne in mind.
Summary and conclusions
Accommodation was studied in the motor fibres of
the nerves of the upper Iimb3 In four patients with
compression neuropathy.
The results show that compression of a peripheral
nerve may lead to an impairment of accommodation at the
site of compression. There is a further suggestion
that this impairment may be irreversible in some cases#
The study suggests that repetitive responses
observed to stimulation of the affected nerve in comp¬
ression neuropathy are likely to be due to the lowered
accommodation of the nerve at the site of compression.
There is also support for the contention that the
presence of repetitive responses In a nerve does not




STUDIES ON f QLYMEIJROfATHY
Definition of the term polyneuropathy
In this study, the term has been used to Indicate
a pathological condition with clinical evidence of
Impairment of function of many peripheral nervos simul¬
taneously and usually symmetrically. Compression neuro¬
pathy was not included in this group.
Subjects studied
The subjects with polyneuropathy comprising this
series could bo divided into the following groups :
1, Pure sensory polyneuropathy : This group was
comprised of those patients who complained of a
sensation of'pins and needles'bilaterally in upper
and / or lower extremities, with or without loss of
sensation to pinprick and / or touch in those areas.
Deep reflexes were normal or diminished, but none
had any obvious muscle \i?eakness or wasting.
retardation of conduction In the motor fibres was
detected in any of them,
2. Pure motor polyneuropathy : Subjects having
weakness in the limbs of peripheral nerve distrib¬
ution with loss of deep reflexes of tho correspon¬
ding parts with or without muscle wasting and with
63.
no subjective or objective sensory symptoms were
grouped under this heading. Conduction velocity
was retarded in motor fibres of peripheral nerves
in most of them.
3. Sensory-motor ('mixed1) polyneuropathy : Subjects
included in this group had combined features of motor
and sensory neuropathy.
4. Vitamin Bia. deficiency polyneuropathy ; In the
patients with peripheral neuropathy due to Vitamin B«
deficiency, it was not arrays possible to determine
the involvement of motor fibres of the peripheral
nerves clinically due to presence of associated
lateral column involvement. These subjects accord¬
ingly have been considered in a different group for
the study.
In Table 14, the number of patients belonging to the
different groups of polyneuropathy studied in the pres¬
ent work is shovm.
Nerves studied
The median and ulnar nerves were studied at elbow
and at wrist and the lateral popliteal nerve at neck of
fibula in each case. The study was carried out on both
sides. The methods of study and of computation of
64.
TABLE 14
F AT IETTTS IN GROUPS OF P OLYvTEURQPATHY










Shows the accommodation curves for the ulnar (A)
and the median (B) nerves at elbow and the lateral
popliteal nerve at neck of fibula (C) in a patient
with polyneuropathy involving motor fibres (Case no.
7554 in Table 16). Slope values s (A)= 16, (B)r 12,
(jC)-12 rheobases per second.
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accommodation Blopes were the same as for the controls.
Results
Mature of the accommodation curves : In patients
with sensory polyneuropathy, the accommodation curves
obtained for the motor fibres of the different nerves
were similar to those of the controls.
The nerves (motor fibres) of the patients with motor,
sensory - motor and vitamin deficiency polyneuropa¬
thies on the other hand, had curves differing signifi¬
cantly from the normal curves (throe such abnormal curves
heve_ been reproduced in figure 9 from a patient with
'mixed'neuropathy). The initial linearity of the normal
curves was maintained in these curves but in most, the
slope of the initial linear part was flatter than normal.
The deviation from linearity at the 25 millisecond point
was lacking in many of these abnormal curves.
'Breakdoxvn' of accommodation was observed with a
smaller current strength than normal in the nerves (motor
fibres) with flatter accommodation slope. This feature
of 'early breakdown' was evident even in nerves having
curves with a normal slope,
■Accommodation slope values j The values of the
slopes of the accommodation curves for the motor fibres
obtained in individual subjects of the different groups
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of polyneuropathy are shown In Tables IS, 16 and 17,
It may be mentioned that in disease the same nerve of
the two sides ma?/ not be affected to the same degree,
hence the accommodation slope values obtained for a
nerve on either side have been shown as separate obser¬
vations. For the same reason, the group mean accommo¬
dation slope valxie for an?/ particular nerve has been
expressed separately for the right and left sides.
Comparison between the accommodation slope values
for the patients with polyneuropath?r and for the controls
: The tables IB. 19 and 20 compare the mean values of
accommodation slopes for the peripheral nerves (motor
fibres) of the different groups of pol?/neuropathies with
those of the controls. In normal persons, po difference
exists in the accommodation of a nerve between the two
limbs, so It was thought permissible to compare the same
group mean accommodation dlope value for a ncrvo of the
controls with the group mean accommodation slope value
for the same nerve of either side of the patients with
neuropathy.
* i
Sensory group : It is seen from Table 18 that
there was no significant difference between the mean
values for the nerve of the patients with sensory neuro¬
pathy and those of the controls so far as motor fibres
were concerned. The t_ of the difference of the group
67.
TABLE IS










Elbow Wri st Elbow wrl st
6896 T.H. Right 22.0 19.0 20.0 24.0 31.0
Left 24.0 21.0 24.0 22.2 24.0
6775 * Ij « Right 22.0 21.0 20.0 21.0 26,0
Left 21.5 25.2 19.2 22.5 22.4 '
6700 M.S. Right 19.0 18.0 21.0 20.0 26.0
Left 19.5 19.5 23,0 20,8 30.0
7581 C.P. Right 14.0 13,0 14.0 16.0 27,3
Left 16.2 17.5 18.0 18.0
"
28.0
8168 E.B. Right 23.0 23.3 25.0 22.0 31.0
Left 22.0 23.0 oo *7 21.0 20.2
7104 M.S. Right 26.0 24.0 24.0 23.0 18.0
Left 24.0 21.0 25.0 21.4 16,5
T-BLK 16
ACQ QMMO DA T10M SLOPES FOR MOTOR FIBRES IN
QTOR AMD 'MIXED* P GLYHKTJR OFATHI5 S
Case
No.






Elbow Wri st Elbow Wri st
7017 M.Mo. Right 22.0 20.0 24.0 18.0 18.3

























6577 C.H. Right- 18,0 14,0 10 .0 5.0 18.0
Left 16.0 12.e 9.5 13.0 16,2
6558 J.P. Right 10.0 8.0 9.1 12.0 21.5
Left 12.8 8.2 6.7 15,0 24,0
778S I.B. Right 20.0 22,1 20.5 20.0 21.3
7253 /










Elbow frl st Elbov/ Wri st
7233 • E.C. Right 13.3 13.3 12.5 13.2 18.1
Loft 13.1 12.0 11.8 10.8 17.5
7554 G.C. Right 16.0 7.5 12.0 5,0 12.0
Left 14.0 8.3 13.5 6,0 13.2
7042 M.M. Right 7.5 6,6 0.2 5,2 17.3
Left 9.4 5.2 7.5 4.4 18.2
8015 J.M. Right 18.0 15.0 19.0 14.1 10.3
Left 16,0 14.2 17.0 13.1 14.0
7916 A.P. Right 18.0 19.2 20.2 16.0 20,0
Left 20.2 18.5 20.6 15.5 28.3
TABLE 17
A C C OMM0 DATIOil SLOPES FOR MOTOR FIBRES IN
VITAMIN Bi3- DEFICIENCY POLYNEUROPATHY
Case
No.






Elbow Wrist Elbow Wrist
6161 R.D. Right 16.2 17.5 14,2 13.7 13.2
Left 14.5 15.7 15.5 15.1 12,0
7153 J.C. Right 11.3 10.2 11.8 11.2 18.4
Left 12.2 12.8 12.2 10.2 16,2
7899 J.H. Right 16.4 14.5 13.4 12.8 16.2
Left 16.6 15.6 12.4 13.2 15.4
71.
TABLE 18
COMPARISON OF GROW MEAN ACCOMMODATION SLOPES
FOR MOTOR FIBRES IN SENSORY P 0LYMEUR 0 F AT HY
AND IT? CONTROLS















(Wrist) 22.0+0.5 Right 1S.711.6 1.2 >0.1 56
Left 20.9 + 0.8 1.2 >0.1 56
Median
(Elbow)












22.0 + 0.5 Right 21.0 +1.0 0,6 >0.5 56















Shews the distributions of th© accommodation slope
values for the ulnar nerve at elbow among the patients
with sensory neuropathy and among the normals (controls).
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»
means between the two had a value of 3? greater than 0.05.
The distribution of accommodation slop© values for '
the motor fibres of the ulnar nerve at elbow in the
patients with sensory polyneuropathy has been compared
with that in the normals (controls) in a histogram (vide
figure 10). This comparison shows a similarity of the
distributions in these two groups. The individual
slope values for the motor fibres of the other periph¬
eral nerves in the patients of this group of polyneuro-?
pathy were also within the respective normal (control)
ranges. This would be evident from a perusal of Table 15.
Other ,groups : Table 19 shows a significantly
lower group mean accommodation slope In the motor fibres
of the patients with motor and 'mixed' polyneuropathies.
This lowering was observed in all the nerves studied,
A similar significant lowering was found in the motor
fibres of the patients with vitamin deficiency poly¬
neuropathy (vide Table 20.).
The distribution of the accommodation slope values
obtained in the motor fibres of the different nerves of
the patients with motor, 'mixed' and vitamin defici¬
ency polyneuropathies is compared with that in the
normals (controls) in a histogram (vide figure 11.).
The comparison shows a 'shift to the left' (i.e. relativ¬
ely more observations of smaller values) in the patients
73.
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COMPARISON OF MEAN ACCOMODATION SLOPES FOR MOTOR
FIBRES IN VITAMIN B DEFICIENCY POLYNEUROPATHY
AN"D IN CONTROLS
Nerve Slope in rheobases per second t P f
Control Neuropathy
Ulnar 21.5 + 0.4 Right 14.6 £1.7 3.0 oi 53
(Elbow)
Left 14.4 £1.4 4.0 <0.001 53
Ulnar 22.0 + 0.5 Right 14.1 £2.0 3.0 <0.01 53
{ risfc)
Loft 14.7+1.6 3.0 <0.01 53
Median 22.6+0.6 Right 15.1+0.7 3.0 <0,01 53
(Elbow)
Left 15,5 +1.5 3.0 <0.01 53
Median 22.0 + 0.5 Rirnht 12.5 +1.0 4.0 <0.001 53
(' ri st)
Left 12.8 +1.5 4.0 <0,001 53
Lateral 28.0 +0.6 Right 15.8 £1.7 5.0 f—ioo4 53
Popliteal




Shows the distributions of the accommodation slope
values for the different nerves among the patients with
polyneuropathy (motor, 'mixed' and vitamin B -lt_ deficiency)
and among the normals (controls).
with neuropathy.
Attempts have been made to correlate the values of
the accommodation obtained in the polyneuropathy subjects
with other clinical features.
Correlation of accommodation with the decree of
muscle weakness j I have not made a detailed study of
the relationship between accommodation failure in motor
fibres and the degree of weakness, but a few observations
suggest that there is no close relationship between the
two.
Relationship of Impaired accommodation with muscle
wasting : The patients belonging to the groups with
impaired accommodation could be divided into those with
more than moderate wasting of the muscles of the hands
and forearms and those with minimal or no wasting of these
parts. In Tables 21 and 22, the values of accommodation
slopes in the motor fibres obtained in individual subjects
of these two groups are shown.
The distribution of the slope valt?es for the motor
fibres of the nerves in the patients of those two groups
has been compared in a histogram (vide figure 12). This
figure shows the preponderance of relatively smaller .slope
values among the patients with muscle wasting than among
those without any wasting. It emphasises the relatively
greater impairment of accommodation in the motor fibres
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TABLE 21
ACCOMMODATION SLOPES FOB THE MOTOR FIBRES IN
P 0LYM KTTB 0pAT I ?Y WITH MINIMAL OR NO MUSCLE fAST IMG
Case no. Name Side Slope in rheobases per second
Ulnar Median
Elbow "ri st Elbow Wri st
6161 R. D, Right 16.2 17.5 14.2 13.7
Left 14,5 15.7 15.5 15.1
7133 J. C. Right 11.3 10.2 11.8 11.2
Left 12.2 12.8 12.2 10.2
7899 J.H, Right 16.4 14.5 13.4 12,8
Left 16,6 15.6 12.4 13.2
7017 M .Mt. Right 22.0 20.0 24.0 18, X)
Left 20.0 19.8 24.2 17.2
7070 T.P. Fight 22.0 18.0 20.0 18,0
Left 20.2 19.2 18.2 18.4
6558 J.P . Fight 10,0 8,0 9.1 12.0
Left 12,8 8.2 6.7 15.0
7709 /
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Case no. Name Side Slope in rheobases per second
Ulnar Median
Elbow Wri st Elbow wrist
7789 I.B. Right 20.0 22.1 20.5 20.0
Left 21.2 21.3 19.5 18.0
7233 E.C. Right 13.3 13.3 12.5 13.2
Left 13.1 12.0 11.8 10.8
7916 A.P. Right 18.0 19.2 20.2 16.0
Left 20.2 18.5 20.6 15.5
8015 J.M. Right 18.0 15.0 19.0 14.1
Left 16.0 14.2 17.0 13.1.
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• > ■
ACCOafflOPftTiOn OOPrLS FOR MCTOr- FIOF'.S %i
r'.LVH&UBOPATHY ' ITH MOB?-. TUAK MINIMAL
7USCLE MSTIM
Gas© no. Ueen© si do Slope in rhoobnoes per second
TTlnnr leciian
Elbow f'riat Elbow ri st
7554 C.C. Right 16,0 7.5 12,0 6,0
Loft 14.0 8.3 13.5 6,8
7(42 M.M. Sight 7.5 6.6 8.2 5.2
Loft 9.4 5,2 7,5 4.4
7 70 T.F. Right 10,0 6.0 12,0 6.C
Loft 9.0 6,4 10.5 7.5
6377 C.2I, Right 10,0 14.0 10,0 5.0
Loft 16,0 is, e 9.0 13,
OH NO WASTING ^WASTING + +
FIG.12
r.nr;-, jg
Shows the distributions of the accomodation slop©
values among the patients with polyneuropathy (motor and
*nly.ee?) with musele wasting and among those without any-
wasting#
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of the nerves in polyneuropathyc patients complicated
with, muscle wasting.
In Table 25, the mean values of accommodation slopes
obtained in the above txvo groups are compared. The Table
shows that the group mean value of accommodation slope in
the motor fibres was significantly lower in the majority
of the nerves in the group of patients with more than
minimal wasting of muscle thafa in those with minimal or
no muscle wasting.
Correlation between accommodation, clinical course
and prognosis : In clinical practice, a test of func¬
tion may be used for the purposes of prognosis as well as
for diagnosis. The data were re-examined to see whether
there was any correlation between the accommodation
Changes and later recovery. In view of the findings
mentioned earlier, cases of pure sensory polyneuropathy
were excluded.
The patients who had an almost complete recovery or
a marked improvement have been included in group 1 and
those with slow recovery or none at all have been inclu¬
ded in group 2, All of them were treated with steroids.
Tables 24 and 25 show the values of the slopes of
accommodation in the motor fibres in the nerves of the
Individual subjects of these two groups. These values
have been plotted in the form of a histogram for comparison
30.
TABLE 23
COMPARISON OF MEAN ACCOMMODATION SLOPES FOR
MOTOR FIBRES IN POLYNEUROPATHY WITH MUSCLE
WASTING AMD WITHOUT WASTIMG




Ulnar Right 16.7 + 1.3 12.9+2.4 1.2 ?0.2 12
(Elbow)
Left 16.6 +1,2 12.1 +1.7 1.7 ^0.1 12
Ulnar Right 15.8 +1.4 8.5+1.8 2.6 <0.05 12
(Wrist) -
Left 15.5 +1.6 8.1 + 1.7 2.7 <0.05 12
Median Bight 16.4 + 1.6 10.5 +1.0 2.2 <0.05 12
(Elboii?)
Left 15.8 ±1.6 10.2 +1.3 2.1 >0.05 12
"edian Right 14.9 ±0.9 5.3 + 0.2 5.0 <0.001 12
(Wrist)
Left 14.6 ±0.9 7.9+1.8 3.3 <0.001 12
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table 54
accommodation slopes for motoh fibres in
polynburgpatby hith good recovers
Case Nam* Side Slope in rheobases oer second
No.
Ulnar Median Lat, Pop.
Elbow Frist Elbow Wri st
7017 M.Mc. Right 22.0 20.0 £0.0 24.0 18.3
Left- 20.0 19.8 24.2 17.2 22,3
7789 I.B. Right 20.0 22.1 20.5 20.0 21.3
Left 21.2 21.3 19.5 18.0 20.1
7233 E.G. Right 13.3 13.3 12.5 13.2 18.1
Left l—1•COH 12,0 11.8 10.8 17.5
TABLE 25
ACCOMMODATION SLOPES FOR MOTOR FIBRES Ift
V 01. YNKUR 0 P ATHY WITH SLOT OR HO RECOVERY
€as©
No,






Elbow "rist Elbow Wrist
7070 T.F. Right 10,0 6.0 12.0 6.0
Left S.O 6.4 10.5 7.5
6377 C.H. Right 18.0 14. 0 10.0 5.0 18.0
Left 16.0 12,8 9.5 13.0 16.2
6558 J.P. Right 10. 0 8.0 9.1 12.0 21.5
Left 12,8 8.3 6.7 15.0 24.0
7554 G.C. Right 16,0 7.5 12.0 5.0 12.0
Left 14 « 0 8.3 13,5 6,8 13.2
7042 M.M. Right 7.5 6.6 8.2 5.2 17.3
Left 9.4 5.2 7.5 4.4 18.2
i 1 r r *—f f 1 ;
0 5 10 15 20 25 30
Rheobases per Second
DH GOOD RECOVERY ^ POOR RECOVERY
FIG.13
FIGURE 15
Sho\?s the distributions of the accommodation slope
values among the patients with polyneuropathy (motor or
•mixed1) with good recovery and among those with slow
or no recovery.
between the two groups (vide figure 13). The histogram
shows that the distribution of comparatively smaller slope
values was more common among the motor fibres of the
patients of group 2 than among those of group... 1.
Table 26 compares the mean accommodation Slope for
the motor fibres of the above two groups of polyneuropa¬
thies, The comparison reveals that there was a signifi¬
cantly lower groijp mean accommodation in the motor fibres
of the median merve at elbow and at wrist and of the
ulnar nerve at wrist in the patients with tvorse prognosis
than in those with a better prognosis. The group mean
slopes of accommodation for the motor fibres of the
lateral popliteal nerve and the ulnar nerve at elbow were
also smaller in the former group, but the differences in
these were not statistically significant.
Discussion
In this study, accommodation of the motor fibres of
the peripheral nerves was commonly found impaired in
cases of polyneuropathy showing clinical evidence of
motor involvement and also in cases of vitamin Bj5l defi¬
ciency neuropathy. Slowing of conduction has recently
been recognised as one of the effects of pathological
changes in motor fibres (Simpson, 1956j Henriksen,
1956). Measurement of conduction velocity is now being
8.4.
TABLE 26
COMPARISON Of vCCOM flODATlO ' SLQPj S FOR 'I(TOR
FIBRES IN POLYNEUROPATHY WITH GOOD RECOVERS AND
WITH SLOW OR NO RECOVERY
Nerve Sid© Me an ac cammodation t P f
slope in rheobases
per second
Group 1 Group 2
Ulnar Right IB.4 12.9 12.3 ±1.9 1.9 >0.1 6
(Elbow)
Left 18.11.2,5 12.21 1.3 2.4 >0.05 6
Ulnar Ri ght 18.4 ±2.7 8.41 1.4 3.5 40.05 6
( rist)
Left 17.7 ±2,9 8.11 1.3 3.4 <0.05 6
Median Right 19.0 ±5.4 10.2 1 0.8 3.2 <0.05 6
(Elbow)
Left . IB.5 ±3.7 9,5 +1.2 3.0 <0.05 6
Median Right 17.0 ±2.1 6.6± 1.5 4,0 <0.01 6
(T"rist)
Left lb.3 12.5 9.3 1 2.0
~
1.8 V O . o cr 6
Lateral Right 19.2 +1.2 17.2 11.9 0.8 >0.4 6 ,
Popliteal
Left 19.9 11.6 17.9 ±2.2 0,7 >0.4 6
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used routinely in the diagnosis of peripheral nervo
disease. Simpson (1962a>)has pointed out that the accom¬
modation of nerve is likely to be more vulnerable than its
rate of conduction to alteration in the metabolism of the
nerve cell and axon processes, but no observation has yet
been reported on nerve accommodation In polyneuropathies.
The diagnosis of polyneuropathy has often to be mad©
entirely on clinical evidence where current electro¬
physiological tests give normal results. Measurement of
the conduction velocity has no doubt been a great advance
in the field of clinical neurology, but, on occasion,
such meastiremont fails to reveal any retardation of the
speed of conduction of the nerve impulse in patients
with clinical features strongly suggestive of polyneuro¬
pathy. The present observation of impairment of accom¬
modation, at least in some cases of motor polyneuropathy
suggests that this measurement maybe of some help in the
diagnosis of cases of motor or 'mixed' polyneuropathies,
where clinical features and conduction velocity studies
are inconclusive.
The results show that the impairment of accommoda¬
tion in polyneuropathies was directly related to the
degree of wasting of the muscles present. One of the
factors determining the rate and degree of recovery from
a neurological disorder is the site and mode of" damage
to the neurone. Marked wasting of muscles can only
occur if there is denervation and not simply demyelin-
ation. Accordingly the correlation of the degree of
impairment of accommodation with the state of muscle
wasting and the poor prognosis observed in this study
suggests that the process of accommodation is dependent
on the integrity of the axon process itself. This is
further suggested by the impaired accommodation noted,
in motor neurone disease (vide chapter 6),
This study also raises the possibility that the
degree of impairment of accommodation may be an indic¬
ation of the prognosis of the case; but further study
is needed to substantiate this suggestion.
Breakdown of accommodation : 'Early breakdown'
of accommodation observed in the fibres showing impaired
accommodation suggests that the current strength neces¬
sary to cause 'breakdown' of accommodation is related to
the degree of accommodation in a nerve. It may be ment¬
ioned here that the impaired accommodation noticed at the
site of compression in compression neuropathy was also
associated with 'early breakdown' of accommodation (vide
chapter 4).
Presence of 'early breakdown' even in fibres with a
normal accommodation In patients with polyneuropathy makes
it likely that the breakdown of accommodation with a
87 .
smaller current strength precedes alteration of the time
constant of accommodation in nerve fibres.
Summary and Conclusions
The accommodation of the peripheral nerves was
studied in patients with different clinical types of
polyneuropathy.
The accommodation was found to be diminished in the
motor fibres of the peripheral nerves in the patients with
motor involvement and in those with vitamin Bdeficiency.
The impairment of accommodation was more marked in patients
v/ith muscle wasting and poorer prognosis.
It is suggested that measurement of accommodation may
profitably be used as one of the diagnostic techniques in
certain selected groups of patients with polyneuropathy,
•Breakdown' of accommodation was constantly found at
a lower current strength than normal in the nerve fibres
with impaired accommodation. This ' earl:/ breakdown' was
evident also in some of the nerves with a normal slope
value in patients with polyneuropathy with involvement
of motor nerve fibres. In view of these facts, it is
likely that the 'point of breakdown' of accommodation
in any nerve fibre is related to the degree of its accoin-
modation and 'early breakdown' may be the first indication
of a likely impairment of accommodation in a nerve fibre
at a later date.
CHAPTER 6
88.
ST7DIKS ON MOTOR NEURONE DISEASE
Selection of subjects
The cases were selected on the presence of the fol¬
lowing features in each of then, but the extent of the
abnormalities varied from case to case,
1. Wasting of muscles.
2, Presence of fasciculatlon*,
5. Absence of any objective or subjective sensory dist¬
urbances,
4, Presence of electromyographic evidence of anterior
horn cell damage.
Pyramidal tract involvement was evident in somo of
them,
Hervos studied
Accommodation was studied for the motor fibres of
the ulnar and median nerves at elbow and at wrist of
both sides in eight patients with motor neurone disease
('amyotrophic lateral sclerosis'). The method of study
was the same as for the controls. Fifty-six estimations
of accommodation in total were made on them.
RelativeCurrentStrength tocj&
FIGURE 14
Shows the accommodation curve for the ulnar nerve
at elbow (a) from a patient with motor neurone disease
(Case no, 7231), A curve for the same nerve at elbow
(A) from a control subject Is also shown for comparison.
Slope values i (a) =15.0 and(Aj-20.0 rheobases per second.
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Results
Nature of the accommodation curves : The accom¬
modation curves for the motor fibres of the nerves of
these patients maintained the initial linearity of normal
curves, but the slope of this linear part was flatter
than normal for most of these nerves. One such curve
has been reproduced in figure 14 which also contains a
normal curve for the same nerve fibres.
The figure also shows that 'breakdown' of accommod¬
ation has occurred with a lower current strength in the
motor fibres of the patient with motor neurone disease.
This feature was constantly observed in the fibres having
an accommodation slope value less than normal and was also
frequently observed even in presence of a normal slope of
the initial linear part.
Accommodation slope values : Table 27. shows the
values of the accommodation slopes for the motor fibres
obtained in the different nerves at different sites in
the patients with motor neurone disease. The lesion in
this disease is not symmetrical, consequently the slope
values for a nerve in either limb have been shown as
separate observations. Similarly, the group mean for a
nerve has been calculated separately for each limb,
A review of Table 27. shows that in 32 of these 56
90.
TABLE 27
ACCOMMODATION SLOPES FOR MOTOR FIBRES IN
PERIPHERAL NERVES It-I MOTOR NEURONE DISEASE
i Case
NO.
Name Side Slope in rheobases per second
Ulnar Median
Elbow Wri st Elbow Wrist
4618 M.R. Right 10,0 6.0 12.0 10.0
Left 11.5 %J • O 10.8 9.0
6755 J.Q. Right 23.0 19.0 23.0 18.0
Left 22.0 17.5 24.0 25.0
7065 E.H. Fight 11.4 10.0 12.2 7,0
Left 10.8 5.0 10.0 9.0
7750 H.K. Right 22.0 23.0 24.2 20.1
7231 E.G. Right 15.0 ' 14.4- 14.5 14.0
7555 M.M. Right 12.2 11.8 14.4 14.0
Left 18.0 19.4 17.0 18.0
7294 A.B. Right 20.3 21.4 22.6 22.0
Loft 21.0 21.0 22,2 22.8
7952 J.C. Right 8.0 8.2 9.4; 9.2
Left 11.2 10.4 8.1 9.1
Ulnar - Elb






DID NORMAL I MOTOR NEURONE DISEASE
FIG.15
FIGURE XS
Shows the distributions of the accommodation slop©
values for the different nerves among the patients with
motor neurone disease and among the normals (controls).
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studies the accommodation slopes were at or below 16 rheo-
bs.ses per second, the lowest value obtained In the cont¬
rols. An Inspection of figure 15 would also reveal this
preponderance of smaller slop© values for the motor fibres
of the nerves in the patients with, motor neurone disease.
In three of the patients, twenty studies were carried
t
out and all gave slopes for accommodation curves for the
motor fibres within normal range. In another patient,
the four studies carried out on the left arm were within
the normal range whereas the four on the other side gave
lower slopes than the controls. The disability In this
particular patient started initially in the left side.
The mean values of the slopes for the motor fibres
of the two nerves at elbow and at wrist are compared
with the mean values of the controls in Table 88,
An analysis of the mean values reveals that in the
patients with motor netirone disease the motor fibres of
both ulnar and median nerves have a diminished accommod¬
ation compared with the controls. This difference was
statistically significant.
Discussion
The significantly diminished accommodation in motor
fibres observed in the present study in motor neurone disease
Is an interesting phenomenon. Depression of the rheo-
base and abnormal chronaxi© of peripheral nerves have
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TABLE. 28
COMPARISON OF MEAN ACCOMMODATION SLOPES FOR THE






M.N.D. t P f
Ulnar 21,3± 0.4 Right 15.3 +2.0 4.6 <0.001 58
(Elbow)
Left 15.7 + 2.1 4.0 <0.001 56
Ulnar 22.0 1 0,5 Right 14.2 +2.2 4.7 <0.001 50
(ivri st)
Left 13.1 + 2.0 4.9 <0.001 56
Median 22,6 +0.6 Right 16.5 ^2.0 3.5 <0.001 58
(Elbow)
56Le ft 15.3 +3.0 3.6 <0.001
Median 22.0 +0.5 Right 14.3 +1.9 5.1 <0.001 58
(Wr 1 st)
Left 15.5 i3,8 3.8 <0.001 56
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been reported in this state (Arieff, Dobin & Tigay, 1957).
Repetitive responses of muscles to stimulation of a
motor nerve have also been reported in motor neurone
disease (Drechsler, 1957; Simpson, 1962a; Polini & Sala,
1962), Liberson & Pevasars (1960) suggested that these
rej)etitive discharges might be due to either different
rates of conduction in the different fibres of the same
nerve or to repetitive firing of the same nerve fibre.
As mentioned in a previous chapter, Katz (1637) conclu¬
ded that accommodation was an important factor control¬
ling the duration of excitability of a nerve fibre during
the passage of a stimulus, Kugelberg & Tavernor (1950)
have mentioned that the double discharges observed on
electrical stimulation of a peripheral nerve in motor
neurone disease were similar to those obtained in tetany,
a condition associated with impaired accommodation in
peripheral nerves.
Although the mean values of accommodation derived
from the present group of patients with motor neurone
disease were significantly lower than the control values,
an analysis of the individual cases of this series shows
that the accommodation value was not invariably lower
than the range of the controls. The values obtained in
case nos. 6735, 7730 and 7294 are such examples. Repet¬
itive discharges are also not invariably found in motor
neurone disease. None of the electrical phenomena said
94. ■
to be characteristic of motor neurone disease are const¬
antly observed in all patients (Dobin, Arieff & Tigay,
I960). This may be duo to the slowly progressive
nature of the pathological changes.
Correlation betxvoen fasc-iculation amd impaired
accommodation : Fasciculation is an invariable
phenomenon in motor neurone disease. Fasciculation is
also observed in hypocalcaomia, a condition associated
with impaired accommodation. Hence, the observation
that accommodation may be impaired in motor neurone
disease prompted the author to examine the possibility of
impaired accommodation playing a role in the production
of fasciculation*- This possible correlation is -further
suggested by the fact that conditions like cooling,
hyperventilation, etc. xvhich are known to impair accom¬
modation also increase fasciculation' (Denny-Brown &
Fennybacker, 1938 j Swank & Price, 1943^.
The mechanism of production of fasciculationsin
motor neurone disease remains unknown* Donny-brown &
Pennybacker (1938) concluded that the fasciculations
observed in 'amyotrophic lateral sclerosis' woro due to
the spontaneous activity of individual motor unit3. On
the basis of this conclusion, they suggested that the
production of the impulse for the abnormal contraction
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of the muscle fasciculi must be related to the patholo¬
gical changes either in the anterior horn cells or in
the motor nerves themselves,
Grund (19258) and later Sheldon ft Woltman (1940)
failed to abolish fasclculations in patients with
1 amyotrophic lateral sclerosis by spinal anaesthesia with
intrathecal Procaine and they concluded that the
anterior horn cells had no role to play in the produc¬
tion of fasciculation. Swank ft Price (1943) confirmed
these findings, but they also noticed abolition or redu¬
ction of fasciculation' in the corresponding muscles fol¬
lowing blocking of the interior tibial or ulnar nerves.
They concluded that the stimuli provoking fasoiculatlons
in motor neurone disease.were derived mainly from the
peripheral nerve fibres. As thov observed some reduc¬
tion, although no complete abolition, in some of their
patients with spinal anaesthesia, they further concluded
that in advanced cases anterior horn cells may play some
part as well, in its production, Odom, Russel ft McE'ach-
orn (1943) observed that blocking a peripheral nerve caus¬
ed a decrease in the degree of fasciculation1. in 2 of their
6 patients with motor neurone disease and no change in
another 4, Do Jong ft Simons (1942) on the other hand
failed to modify the existing fasciculations by peripher¬
al nerve block in such cases, Forster ft Alpers (1944)
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did. not observe any reduction of fasciculations following
blocking of the lateral popliteal nervo or spinal anaest¬
hesia In their patients with motor noitrone disease and
concluded that fasciculations do not originate in the
anterior horn cells, but in the region of the myoneural
junction.
Swank & Price (1943) classified motor neurone disease
into rapidly progressive and slowly progressive types.
They , suggested that, in the former a large part of the
neurone especially its distal portion, appears to be
affected, whereas in the latter, the disturbance appears
to be limited to or more marked near the termination of
the nerve fibre.
The conflicting results obtained by peripheral nervo
block and spinal anaesthesia on fasciculations in motor
neiirone disease point to the possibility that the spont¬
aneous discharges may arise at a number of sites along
the neurone. These factors may vary from case to case
>
depending upon the severity of the pathological losion.
The impaired accommodation observed in the present stud7/
in a proportion of patients with motor neurone disease
supports the suggestion that spontaneous firingsmay occur
from peripheral parts of the neurone and hence that fasc-
iculation may arise peripherally though not necessarily
exclusively so. This may explain the reduction or even
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abolition of fasciculatlonsobserved by some authors
following nerve block.
However, it is not justifiable to incriminate
Impaired accommodation as the sole cause for the prod¬
uction of fasciculation. The absehce of impaired accom¬
modation in some of the cases studied may be due to the
progress of the case and the distribution of the predom¬
inant lesion. Of the cases showing normal accommodation
in the present series, one (case no, 0735) had a very
slowly progressive course and In another (case no, 7294)
-the disease was limited clinically to the bulbar region.
She had no clinical evidence of involvement of loiver
motor neurones to the limbs. Ho fasciculation was
visible clinically excepting in the tongue, but electro¬
myography showed fasciculation in the limb muscles.
The above observations prompt the author to suggest
the possibility, nt least in some cases, that impaired
accommodation may, in conjunction with other factors,
help in the production of fasciculation! Ln motor neurone
disease. Impaired accommodation promotes repetitive
discharges In the damaged nerve in response to normal or
abnormal impulses leading to rhythmic contraction of motor
units. This mechanism also explains the exacerbation or
provocation of fasciculatioris ^y 'voluntary or electric
stimulation' as mentioned by Dtichenne (Denny-Brown, 1938),
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It must be made clear however, that this work does not
suggest that impaired accommodation Is an invariable
accompaniment of fasciculatlon. The present experiments
were not however, concerned with the investigation of the
mechanism of fasciculation.
Breakdown of accommodation : The possible
relation of 'point of breakdown' of accommodation in a
nerve fibre with its degree of accommodation suggested in
the preceding chapter (chapter 5) is supported by the
observation of 'early breakdown' in the motor fibres of
the patients with motor neurone disease.
.SIWMAPY A--P CCtlOfiTSIGNS
The property of accommodation In the motor fibres
of the peripheral nerves has been stiidled in a group of
patients with motor neurone disease.
Accommodation was found to be impaired In those
fibres in most of these pationts. Early 'breakdown'
of accommodation was an Invariable phenomenon in the
motor fibres with impaired accommodation. It was also
observed in many of these fibres even In prosenco of a
normal accommodation. These observations on the 'break¬
down' of accommodation were similar to those encountered
in other diseases associated with impairment of accommod¬
ation in the motor fibres and support the suggestions
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made in chapter 5.
The present knowledge on the mechanism of fascicul-
ation in motor neurone disease has "been discussed. It
is suggested that fasciculationsin motor neurone disease
are produced by the action of multiple factors and that
impaired accommodation is possibly one of these, at least
in some of the cases.
CHAPTER 7
100.
GENERAL SUGARY AND CONCLUSIONS
The concept of the phenomenon of accommodation in
the peripheral nerve fibres, has been discussed. The
evolution of the present knowledge on this phenomenon
and the different theories put forward to explain its
physiological basis have been considered. The factors
known to affect this property in a nerve fibre have been
mentioned,
It has been pointed out that very few studies hove
boon carried out to investigate the phenomenon of nerve
accommodation in human boings, both normal and patholog¬
ical.
The purpose of carrying out the studies Incorporated
in this thesis has been explained.
The details on the above points constitute the
introductory chapter (chapter 1),
In chapter 2, the method of measuring accommodation
adopted for this study has been described. This includes
a brief description of the stimulator used and details
of the methods of stimulus application, of drawing the
accommodation curves and of expressing accommodation
quantitatively.
Other methods available for studying accommodation
in nerves have been mentioned and reasons for employing
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the present procedure explained in the same chapter.
In chapter 3, measurements of accommodation carried
out In the motor fibres of a group of control subjects
having no evidence of peripheral nerve lesion have been
reported and discussed.
On the basis of the accommodation values obtained
in the present work on the controls and the values repor¬
ted by other workers, It has been concluded that the
calculated value of accommodation depends upon the
experimental procedure and, for comparative studies, a
standardised procedure should be adopted.
No difference could be established in the capacity
of accommodation in the motor fibres between the ulnar
and median nerves in control subjects In this study, but
faster accoranodation (I.e. a lower time-constant of accom¬
modation) was observed in the motor fibres of the lateral
popliteal nerve than in the motor fibres of the ulnar and
median nerves.
Mo regional difference in the capacity of accommoda¬
tion along the length of a normal nerve could b© detected
by the method used.
The breakdown of accommodation was detected in the
motor fibres at a strength of 2 - 4 times the rheobesic
imder normal circumstances.
Impaired accommodation in the motor fibres was noted
-102.
In patients with compression neuropathy, polyneuropathy
and motor neurone disease (vide chapters 4, 5 and 6).
Hone of these observations has been reported before.
Impaired accommodation has been suggested as the
reason for obtaining repetitive firing in compressed
nerves after a single stimulus. Arguments have been
put forward that impaired accommodation, however, may
not be the only factor in determining the occurwewtse of
repetitive firlngjin general (vide chapter 4).
In chapter 5, the limitations of measurement of the
velocity of conduction as a diagnostic tool in the diag¬
nosis of peripheral nerve lesion havsbeen pointed out and
it has been suggested that, as accommodation of a nerve
fibre depends more directly upon its oxidative metabolism,
it may be used as one of the diagnostic techniques In
certain selected patients ifith polyneuropathy where cond¬
uction velocity studies fail to show any abnormality.
The value of the method is that changes in accommodation
are related to abnormalities of the axon, rather than of
the myelin sheath as in disorders of conduction velocity.
In patients with polyneuropathy, the lmx>airmcnt of
accommodation in the motor fibres was found to be directly
related to the degree of associated muscle wasting, A
probable similar relationship was observed between the
degree of impairment of accommodation and the rate of
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recovery in these patients, a greater impairment having
been observed, in the motor fibres of many of their nerves
In patients with slow or no recovery (vide chapter 5),
In chapter 6, the controversy on the mechanism of
fasciculation in motor neurone disease has been discussed
and it has been suggested that impaired accommodation may
be one of the many factors responsible for the production
of fasciculation in this condition.
The motor fibres with impaired accommodation were
observed to have 'early breakdown' of accommodation, sug¬
gesting that the point of 'breakdown' of accommodation is
probably directly related to the degree of accommodation
in a nerve fibre. This 'early breakdown' of accommoda¬
tion was also noticed in many of the motor fibres with a
normal accommodation, among the patients with compression
neuropathy, polyneuropathy and motor neurone disease.
On the basis of the observed impairment of accommodation
In motor fibres in these diseases, it has been suggested
that, 'early breakdown' of accommodation may be one of the
earlier indications of its subsequent impairment (vide
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